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I n t r o d u c t i o n  

When m o s t  of u s  t h i n k  of po l lu t ion  e f f e c t s  on t h e  mar ine  
envi ronment ,  w e  are l i k e l y  t o  t h i n k  of d rama t i c  e v e n t s  s u c h  as  
major t a n k e r  a c c i d e n t s  and o i l  s p i l l s ,  o r  f i s h  k i l l s  r e s u l t i n g  
from sewage e f f l u e n t s  and t o x i c  s p i l l s .  These  i n c i d e n t s  a r e  
h i g h l y  vis ible  and r e c e i v e  cons ide rab le  p u b l i c  a t t e n t i o n .  T h e r e  
is no  d o u b t  t h a t  s u c h  occur rences  a r e  damaging t o  t h e  marine 
envi ronment  and  w a r r e n t  concern  about  t h e  p r o t e c t i o n  of t h a t  
envi ronment .  

Unfo r tuna te ly ,  w e  may b e  deluded i n t o  t h i n k i n g  t h a t  i f  w e  
p r e v e n t  o r  ame l io ra t e  damage from such c a t a s t r o p h i c  e v e n t s ,  o u r  
p o l l u t i o n  problems h a v e  been solved.  If w e  do  t h i s ,  w e  over look  
a p o t e n t i a l l y  g r e a t e r  problem -- t h a t  is c o n t i n u a l  o r  c h r o n i c  
i n p u t  of p o l l u t a n t s  a t  lower l e v e l s .  For  example, i n  t h e  1960s, 
t h e r e  was c o n s i d e r a b l e  a c t i v i t y  lead ing  t o  d e c r e a s e d  sewage 
p o l l u t i o n  of San F ranc i sco  Bay. T h i s  was c e r t a i n l y  commendable, 
b u t  a l s o  led t o  t h e  impress ion  t h a t  o u r  p o l l u t i o n  problems were 
ove r .  L i t t l e  a t t e n t i o n  was pa id  t o  t h e  less v i s i b l e  and poten-  
t i a l l y  more ha rmfu l  e f f e c t s  of i nc reas ing  p o l l u t i o n  from "water -  
so lub le"  chemica ls .  

The  long- range  e f f e c t s  of ch ron ic  e x p o s u r e  t o  p o l l u t a n t s  on 
o u r  a q u a t i c  r e s o u r c e s  are  still r e l a t i v e l y  unknown. Leve l s  of 
p o l l u t a n t s ,  i n  t h i s  s i t u a t i o n ,  a re  lower b u t  more p r e v a l e n t .  
E f f e c t s ,  i f  t h e y  occur ,  a r e  more s u b t l e ,  y e t  t h e  damage t o  o u r  
r e s o u r c e s  may be c o n s i d e r a b l e  and,  i n  many cases, i r r e v e r s i b l e .  

It is d i f f i c u l t  t o  s t u d y  e f f e c t s  of c h r o n i c  p o l l u t i o n  f o r  a 
number of r easons .  F i r s t ,  most marine ecosys tems p o t e n t i a l l y  
impacted by  p o l l u t a n t s  are  i n h e r e n t l y  complex and v a r i a b l e  i n  
s p a c e  and  t i m e .  Many ecosys tems a r e  described incomple te ly ,  
e i t h e r  q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y ,  and even u n d e r  com- 
p l e t e l y  n a t u r a l  cond i t ions .  Na tu ra l  p e r t u r b a t i o n s  may exceed  
t h o s e  induced  b y  man's i n f luence .  For example,  i n  1983 t h e  E l  
Nino off t h e  c o a s t  of Ca l i fo rn ia  r e s u l t e d  i n  warm w a t e r  
c o n d i t i o n s  and s i g n i f i c a n t  a l t e r a t i o n s  i n  d i s t r i b u t i o n  and 
s u r v i v a l  of c o a s t a l  f i s h e s .  T h i s  makes it v e r y  d i f f i c u l t  t o  
detect a l t e r a t i o n s  i n  t h e  environment  ascribable t o  p o l l u t i o n ,  
and even  h a r d e r  t o  p r e d i c t  them. 
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A second d i f f i c u l t y  a r i s e s  from t h e  complex a r r a y  of  d i f -  
f e r e n t  p o l l u t a n t s  o c c u r r i n g  i n  t h e  marine envi ronment ,  pa r t i -  
c u l a r l y  i n  e s t u a r i n e  ecosys tems such  a s  s a n  F r a n c i s c o  Bay- Delta, 
which a re  m o s t  a f f e c t e d  by man. 

F i n a l l y ,  s u b l e t h a l  e f f e c t s  of low p o l l u t a n t  c o n c e n t r a t i o n s  
on o r g a n i s m s  a re  s u b t l e  and d i f f i c u l t  t o  q u a n t i f y  on a n  i n d i -  
v i d u a l  o r  p o p u l a t i o n  l e v e l ;  t h e i r  d e t e c t i o n  a lso may be obscured  
by i n h e r e n t  s p e c i e s  v a r i a b i l i t y  such  a s  age,  s ex ,  o r  g e n e t i c  
d i f f e r e n c e s .  

A s o l u t i o n  t o  t h i s  i n t r i c a t e  problem r e q u i r e s  a long- te rm,  
c o o p e r a t i v e  e f f o r t .  The  g o a l  of t h e  Phys io log ica l  Ecology 
I n v e s t i g a t i o n  a t  Tiburon  Labora tory  h a s  been t o  c o n t r i b u t e  t o  an 
u n d e r s t a n d i n g  of t h e  long-term ecologica l  consequences  of 
p o l l u t a n t  e f f e c t  on aquat ic  resources .  S p e c i f i c a l l y ,  w e  were 
conce rned  wi th  deve lop ing  knowledge of e f f e c t s  of c h r o n i c  
low- leve l  p o l l u t a n t s  on f i s h e r i e s .  Although t h e  u n d e r s t a n d i n g  
of f a t e  a n d  effects of p o l l u t a n t s  i n  t h e  mar ine  envi ronment  h a s  
i n c r e a s e d  i n  t h e  p a s t  2 0  yea r s ,  t h i s  knowledge is still l i m i t e d  
p r i m a r i l y  t o  a c u t e  e f f e c t s  of s i n g l e  p o l l u t a n t s  o r  p o l l u t a n t  
classes. L i t t l e  is known of chronic ,  i n t e r a c t i v e  e f f e c t s  of po l -  
l u t a n t s  w i t h i n  and between p o l l u t a n t  c l a s s e s .  Most e f f e c t s  
s t u d i e s  a re  l i m i t e d  t o  t h e  l abora to ry :  l i t t le  in fo rma t ion  e x i s t s  
on t h e  q u a n t i t a t i v e  effect of p o l l u t a n t s  on a p o p u l a t i o n  l e v e l .  
F i n a l l y ,  f e w  s t u d i e s  a d d r e s s  t h e  i n t e r a c t i o n s  of p o l l u t a n t s  with 
i n h e r e n t  c h a r a c t e r i s t i c s  of t h e  s p e c i e s  o r  wi th  o t h e r  e n v i r o n -  
menta l  f a c t o r s .  

I n  o r d e r  t o  t o  describe source  of v a r i a b i l i t y  i n  p o l l u t a n t  
e f f e c t s  on s t r i p e d  b a s s  more completely,  w e  u s e d  t e c h n i q u e s  of 
m u l t i v a r i a t e  a n a l y s i s  s i m i l a r  t o  t h o s e  used  i n  epidemiology.  W e  
w e r e  t h e n  a b l e  t o  r e f i n e  t h e  d a t a  t o  de t e rmine  t h e  best methods 
f o r  measu r ing  p c l l u t a n t  e f f e c t s  i n  both t h e  f i e l d  and i n  l a b o r a -  
t o r y  e x p e r i m e n t s .  

Our a p p r o a c h  concen t r a t ed  on "easy t o  measureBt and /o r  " s e n s i -  
t i v e "  characteristics of t h e  organisms which a p p e a r e d  to cor- 
relate w i t h  p o l l u t a n t  burdens .  I n i t i a l l y ,  t h e  measurements  w e r e  
on several  levels -- from t h e  biochemical t o  t h e  subsample  (popu- 
l a t i o n )  level.  A f t e r  pre l iminary  s t u d i e s ,  t h e  m o s t  s e n s i t i v e  
v a r i a b l e s  w e r e  d e l i n e a t e d .  
(factors) w e r e  t h e n  d e s i g n a t e d  as  measures  of body c o n d i t i o n s ,  
l i v e r  c o n d i t i o n ,  and egg condi t ion .  Eventua l ly ,  t h e s e  f a c t o r s  
c o e f f i c i e n t s  w e r e  t r a n s l a t e d  i n t o  an o v e r a l l  a s s e s s m e n t  of  t h e  
h e a l t h  of t h e  organism. The c o e f f i c i e n t s  a lso can  b e  u s e d  t o  
e s t i m a t e  q u a n t i t a t i v e  effects on a popula t ion  l e v e l ,  s u c h  a s  
r e d u c t i o n s  i n  growth ,  reproductXon, and s u r v i v a l .  Some of t h e  
measurements  a re  also more s e n s i t i v e  and c o n s e q u e n t l y  m o r e  
e f f e c t i v e  i n  g i v i n g  u s  an  e a r l y  warning t h a t  i n d i v i d u a l s  and /o r  
the p o p u l a t i o n  are s t r e s s e d .  Ultimately,  w e  h o p e  to s y n t h e s i z e  
t h e  r e s u l t s  i n t o  a model of t h e  impacts  of long- te rm c h r o n i c  
p o l l u t i o n  on I tna tura l t1  mor t a l i t y  r a t e s  and r e s u l t i n g  c h a n g e s  i n  
t h e  p o p u l a t i o n  of t h e  a f f e c t e d  f i s h e r y .  

Se lec t ed  g roups  of v a r i a b l e s  
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The fo l lowing  q u e s t i o n s  w e r e  asked when f o r m u l a t i n g  o u r  
research p lans .  I n  t h i s  summary, t h e  q u e s t i o n s  a r e  p l aced  
wi th in  t h e  c o n t e x t  of t h e  Off ice  of Marine P o l l u t i o n  A s s e s s m e n t *  
Resea rch  Program Conceptual Organization ( F i g u r e  1) : 

AnthroDoaenic A c t i v i t i e s  

1. which p o l l u t a n t s  are  p o t e n t i a l l y  impact ing  o u r  marine 
r e s o u r c e s ,  i nc lud ing  f i s h e r i e s ?  

2. What a r e  t h e  s o u r c e s  of t h e s e  p o l l u t a n t s ?  

Marine Ecosvstem Processes  

3 .  What are t h e  i n t e r a c t i v e  e f f e c t s  of t h e  p o l l u t a n t s  on 
f i s h e s ?  How are t h e y  r e l a t e d  t o  o t h e r  ecosys tem pro-  
cesses, such  a s  v a r i a t i o n  i n  out f low and  d i v e r s i o n ?  

C on s euu en  c es A t t  r i b  u t e t o  Anth roD ou en  ic A c t  i v  it i e  s 

4 .  A r e  t h e r e  e f f e c t s  on f i s h  a t t r i b u t a b l e  t o  c h r o n i c  pc l -  
l u  t an  t ex  p o s u  r e s? 

5. I f  so, what. a re  t h e  e f f e c t s  and which measurements p r a -  
v i d e  t h e  most s e n s i t i v e  and s p e c i f i c  a s s e s s m e n t  of 
them? 

6. A r e  t h e  e f f e c t s  r eve r s ib l e?  A r e  t h e r e  e i t h e r  s h o r t -  
t e r m  o r  long-term i r r e v e r s i b l e  e f f e c t s  on i n d i v i d u a l s  
and popu la t ions?  

J u d a e m e n t a l  P r o c e s s e s  

7. What are t h e  q u a n t i t a t i v e  r e d u c t i o n s  i n  p o p u l a t i o n s  i n  
growth, r ep roduc t ion ,  and s u r v i v a l  a t t r i b u t a b l e  t o  
p o l l u t a n t s ?  

8. Can t h e s e  e f f e c t s  b e  p red ic t ed?  

9. What recommendations based on o u r  r e s u l t s  can  be made 
t o  management and r e g u l a t o r s  f o r  t h e  d e c i s i o n s  neces- 
s a r y  t o  r e g u l a t e  an thropogenic  ac t iv i t ies  d e l e t e r i o u s l y  
a f f e c t i n g  f i s h e r i e s ?  

O t h e r  ComDartments 

1 0 .  O the r  compartments i n  t h e  c o n c e p t u a l  r e p r e s e n t a t i o n  

F i g u r e  1 are  within t h e  purview of management 

*OMPA is now t h e  Ocean A s s e s s m e n t  Div is ion  of t h e  Na t iona l  Ocean- 
ic  and  Atmospheric Adminis t ra t ion  (NOAA)  . 
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I n  J u n e  1980, t h e  Coopera t ive  S t r i p e d  B a s s  S t u d y  ( C O S B S )  
t e a m  w a s  o r g a n i z e d  t o  examine d i f f e r e n t  a s p e c t s  of t h e  above  
q u e s t i o n s  (Jung and  B o w e s ,  1980; Jung et. al. 1981; Whipple, 
Crosby,  and Jung,  1983; Whipple et. al. 1984; J u n g ,  Whipple, and 
Moser, 1984). 

p o l l u t a n t s  on s t r i p e d  bass  popu la t ions  (4 t h r o u g h  8, above) .  
From t h i s  r e s e a r c h ,  a number of recommendations h a v e  been  made 
(9 above). The  S ta t e  Water Resource Con t ro l  Board ( S W R C B )  
s t r e s s e d  work on t h e  an th ropogen ic  s o u r c e s  of p o l l u t a n t s  found  
i n  t h e  s t r i p e d  b a s s  and i d e n t i f i c a t i o n  of t h e  p o l l u t a n t s  (1 and  
2 above) ,  f u n d e d  a d d i t i o n a l  s t u d i e s  on e f f e c t s  of p o l l u t a n t s  a n d  
p a r a s i t e s ,  (4 t h r o u g h  8 ) ,  and took  a number of management ac- 
t i o n s  (10 above ) .  The Ca l i fo rn ia  Department of F i s h  and  Game 
( C D F G )  a lso p a r t i c i p a t e d  i n  management d e c i s i o n s  ( 1 0  above) .  

A t  t h e  T iburon  Labora to ry ,  w e  c o n c e n t r a t e d  on t h e  a f f e c t s  of 

T h e r e  w e r e  a number of e x c e l l e n t  r e a s o n s  f o r  s e l e c t i n g  t h e  
s t r i p e d  b a s s  a s  a model species i n  t h e  San F r a n c i s c o  Bay-Delta 
ecosystem. The  s t r i p e d  b a s s  is a long- l ived  f i s h  ( approx ima te ly  
2 0  y e a r s )  and  a t  a l l  ages a p p e a r s  t o  accumula te  r e l a t i v e l y  h i g h  
l e v e l s  of p o l l u t a n t s .  I t  is a t e r t i a r y  c a r n i v o r e  a n d  accumu- 
la tes  p o l l u t a n t s  t h r o u g h o u t  t h e  food cha in .  S t r i p e d  b a s s  a re  
a l s o  v e r y  eu ryha lone ,  o c c u r r i n g  i n  o f f s h o r e  mar ine  a r e a s ,  e s t u -  
a r i e s ,  and i n  f r e s h w a t e r .  T h e y  occur  on a l l  c o a s t s  of t h e  Unit-  
ed. S t a t e s  and  h a v e  been in t roduced  i n  o t h e r  c o u n t r i e s .  T h i s  
f i s h e r y  is a l s o  of g r e a t  commercial and r e c r e a t i o n a l  va lue .  

The majcr r eason  f o r  s t u d y i n g  s t r i p e d  b a s s ,  however  w a s  t h e  
long- te rm d e c l i n e  on t h i s  popula t ion  i n  t h e  area,  a s  w e l l  as i n  
most o t h e r  e s t u a r i e s  of t h e  United S t a t e s .  W e  s u g g e s t  t h a t  a t  
l e a s t  p a r t  of t h e  d e c l i n e  may b e  because  of t h e  i n t e r a c t i v e  d e l e -  
t e r i o u s  e f f e c t s  of an th ropogen ic  f a c t o r s ,  such  a s  w a t e r  
d i v e r s i o n  and  pollut . ion.  

h a v e  s t u d i e d  t h e  s t r i p e d  bass popula t ion  i n  t h e  San  F r a n c i s c o  
Bay-Delta e s t u a r y  f o r  a b o u t  40 yea r s .  T h e i r  work p r o v i d e d  t h e  
framework f o r  s t u d i e s  of t h i s  spec ie s ,  p a r t i c u l a r l y  i n  t h e  
f i e l d .  The  i n i t i a l  r e s u l t s  of C D F G  s t u d i e s  r e v e a l e d  a h i g h  c o r -  
r e l a t i o n  be tween out f low from t h e  D e l t a  and s u r v i v a l  of s t r i p e d  
bass  t o  "young-of - the-year"  or  j u v e n i l e  s t a g e .  A c o r r e l a t i o n  
a l s o  e x i s t e d  between t h e  p e r c e n t a g e  of w a t e r  d i v e r t e d  s o u t h  
t h r o u g h  t h e  C a l i f o r n i a  aqueduc t  s y s t e m  and  s u r v i v a l  of j u v e -  
n i l e s .  On t h e  basis of t h e s e  c o r r e l a t i o n s ,  C D F G  w a s  a b l e  f o r  
some y e a r s  t o  p r e d i c t  s u r v i v a l  of j u v e n i l e s  and r e c r u i t m e n t  t o  
t h e  f i s h e r y .  These  p r e d i c t i o n s  became less r e l i a b l e  i n  l a t e r  
y e a r s  ( s i n c e  approximate ly  1975) , a l though  out f low a n d  d i v e r s i o n  
remain major  c o n t r o l l i n g  f a c t o r s  i n  s u r v i v a l .  F i g u r e  2 A  shows 
t h e  d e c l i n e  i n  s u r v i v a l  t o  j u v e n i l e  s t r i p e d  b a s s  i n  b o t h  t h e  
S u i s u n  Bay and  c e n t r a l  Del ta  murse ry  a r e a s ;  F i g u r e  2 B  shows t h e  
d e c l i n e  i n  a d u l t  s t r i p e d  b a s s  ( f r o m  S t e v e n s  et. al. 1985). 

C a l i f o r n i a  Department  of F i sh  and G a m e  ( C D F G )  b i o l o g i s t s  

81 



a, c 

SSV'8 a3dlUl.S 9NnOA A 0  X3aNI 

82 



t I 

I 
1 

I 
f 

i 

t 
t 

I 

t 
t 

-i 

I 

i 

t 
t 

W 
t- 
I 
cn 
W 

a 
F 

/ 

x 
W n z 
W 
P 
0 
(3 z 
(3 

F 

5 
a 

8 3  



The i n t e r a c t i o n  of y e a r l y  tempora l  v a r i a t i o n  i n  n e t  f low 
with s p a t i a l  v a r i a t i o n  i n  spawning and n u r s e r y  h a b i t a t s  a p p e a r e d  
t o  b e  a major f a c t o r  i n  t h e  annua l  v a r i a t i o n  i n  s u r v i v a l  of 
s t r i p e d  bass. W e  hypo thes i zed  t h a t  i n  c r i t i c a l l y  low w a t e r  
y e a r s ,  o r  when c e r t a i n  p o l l u t a n t  l l events l l ,  s u c h  a s  s p i l l s ,  
o c c u r r e d  d u r i n g  spawning migrat ion,  t h i s  s p a t i a l - t e m p o r a l  e q u i -  
l i b r i u m  w a s  d i s t u r b e d .  When t h i s  happened,  t h e  e f f e c t s  of 
p o l l u t a n t s  and o t h e r  envi ronmenta l  stress f a c t o r s  appea red  t o  
p l ay  a l a r g e r  r o l e  i n  c o n t r i b u t i n g  t o  t h e  m o r t a l i t y  of s t r i p e d  
bass .  T h i s  sys tem w a s  t h o u g h t  of a s  a llmodel" f o r  t h e  i n t e r -  
a c t i o n  of t h e  a n t h r o p o g e n i c  s t r e s s o r s  of wa te r  d i v e r s i o n  and  
p o l l u t a n t s  . 

1. 

2. 

3 .  

4 .  

5. 

6. 

7 .  

8 .  

9. 

T o  b e g i n  r e s e a r c h ,  w e  d e r i v e d  t h e  fo l lowing  s p e c i f i c  goa l s :  

To d e t e r m i n e  t h e  consequences of c h r o n i c  p o l l u t a n t s  
impact ing  a f i s h e r y ' s  populat ion.  

To u s e  s t r i p e d  b a s s ,  an appa ren t ly  d e c l i n i n g  p o p u l a t i o n  i n  
t h e  San F r a n c i s c o  Bay ecosystem, as  a "model s p e c i e s "  f o r  
such  a s t u d y .  

To compare t h e  San Franc isco  Bay-Delta s t r i p e d  b a s s  popula-  
t i o n  t o  o t h e r  popu la t ions  less impacted and more impacted  
by  p o l l u t a n t s .  

T o  d e t e r m i n e  t h e  condi t ion  o r  h e a l t h  of s t r i p e d  b a s s  
c a u g h t  i n  che f i e l d ,  and i f  i n  poor  c o n d i t i o n ,  to deter- 
mine c o r r e l a t i o n  with p o l l u t a n t  b u r d e n s  i n  t i s s u e s .  

T o  d o  l a b o r a t o r y  s t u d i e s  t o  c o r r o b o r a t e  f i e ld -de te rmined  
c o r r e l a t i o n s  between f i s h  condi t ion  and po l lukan t  b u r d e n s .  

T o  f o r m u l a t e  a q u a n t i t a t i v e  model showing r e l a t i o n s h i p s  
between p o l l u t a n t s  and t h e  condi t ion  of t h e  b a s s  popula-  
t i o n  i n  t e r m s  of r e d u c t i o n s  i n  growth,  r e p r o d u c t i o n ,  and  
s u r v i v a l .  

To p r o v i d e  recommendations t o  a p p r o p r i a t e  a g e n c i e s  i n -  
vo lved  with management of f i s h e r i e s ,  s p e c i f i c a l l y ,  t h e  
s t r i p e d  b a s s  f i s h e r y ,  and t o  agenc ie s  r e s p o n s i b l e  f o r  t h e  
main tenance  of water q u a l i t y  and t h e  h e a l t h  of mar ine  
ecosys tems.  

To c o o p e r a t e  w i t h  o t h e r  agenc ie s  i n  de t e rmin ing  t h e  main 
s o u r c e s  of p o l l u t a n t s  d e l e t e r i o u s l y  a f f e c t i n g  s t r i p e d  
bass .  

T o  c o o p e r a t e  with o t h e r  agenc ie s  i n  de t e rmin ing  t h e  po l -  
l u t a n t  b u r d e n s  i n  s t r i p e d  b a s s  p o t e n t i a l l y  ha rmfu l  t o  
human h e a l t h .  
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10. T o  cooperate w i t h  o t h e r  agencies  in de te rmin ing  t h e  re- 
l a t i o n s h i p  of p o l l u t a n t  e f f e c t s  on s t r i p e d  bass  t o  o t h e r  
ecosys tem p r o c e s s e s ,  e.g., water  outf low and d i v e r s i o n  and  
o t h e r  s p e c i e s  i n  t h e  s t r i p e d  b a s s  food cha in .  

11. T o  make f i e l d  tests of p r e d i c t i v e  models. 

(Whipple,  1984)  and summarized from a manusc r ip t  i n  p r e p a r a -  
t i o n :  " A  m u l t i v a r i a t e  approach  t o  s t u d y i n g  t h e  i n t e r a c t i v e  
effects  of  i n h e r e n t  and envi ronmenta l  f a c t o r s ,  i n c l u d i n g  pol -  
l u t a n t s ,  on s t r i p e d  b a s s  i n  t h e  San F ranc i sco  Bay-Delta, Cal i -  
f o r n i a "  by J e a n n e t t e  A. Whipple, R. Bruce MacFarlane,  Maxwell B. 
E l d r i d g e ,  and Pete E. Benvi l le ,  Jr. 

The  r e s u l t s  h e r e  are updated  from a p r e v i o u s  r e p o r t  

Methods 

W e  h a v e  e x a m h e d  approximately 500 f i s h  c a p t u r e d  i n  t h e  
f i e l d  from t h e  San F r a n c i s c o  Bay-Delta ( 4 0 0 ) ;  t h e  Coos Rive r ,  
Oregon ( 4 1 ) ;  Lake Mead, Nevada (30);  and from t h e  Hudson R ive r ,  
N e w  York ( 2 6 ) .  Techn iques  of h i s t o p a t h o l o g i c a l  examinat ion  and  
a u t o p s y  h a v e  been developed  t o  a s s e s s  t h e  h e a l t h  of s t r i p e d  bass  
and t o  c o n t i n u e  a n n u a l  monitor ing (Whipple, et.  a l .  1 9 8 4 ) .  
Approximately 350 c h a r a c t e r i s t i c s  of t h e  f i s h  were examined 
i n i t i a l l y  -- from t h e  biochemical  l e v e l  t o  o rgan  sys tem and  in -  
d i v i d u a l  organism l e v e l s  -- t o  de te rmine  t h e  best measu res  of 
h e a l t h .  Subsamples  w e r e  t a k e n  of l i v e r ,  o v a r i e s  and musc les  t o  
d e t e r m i n e  b u r d e n s  f o r  t h e  fol lowing major c l a s s e s  of p o l l u t a n t s :  
p e t r x h e m i c a l s  o r  pe t ro leum hydrocarbons  (monocyclic a romat i c s ,  
p o l y c y c l i c  a romat i c s )  , c h l o r i n a t e d  hydroca rbons  ( i n c l u d i n g  PC B s ,  
t oxaphene ,  D D T ,  and  its me tabo l i t e s  and o t h e r s ) ,  and heavy 
metals (copper ,  i r o n ,  z inc ,  cadmium, mercury,  l e a d ,  n i c k e l ,  and 
o t h e r s ) .  T i s s u e s  were a l s o  scanned f o r  E P A ' s  p r i o r i t y  
p o l l u t a n t s  . 

M u l t i v a r i a t e  s t a t i s t i c a l  t echn iques ,  i n c l u d i n g  p r i n c i p a l  
component f a c t o r  a n a l y s i s  ( N i e ,  1975), w e r e  a p p l i e d  t o  t h e  f i e l d  
d a t a  t o  d e t e r m i n e  c o r r e l a t i o n s  between sets of v a r i a b l e s  d e s c r i b -  
i n g  c o n d i t i o n s  and  t h e  p o l l u t a n t  burdens .  T h e  fo l lowing  summary 
of r e s u l t s  i n c l u d e s  c o r r e l a t i o n s  and r e g r e s s i o n s  found  s i g n i f i -  
c a n t  i n  m u l t i p l e  r e g r e s s i o n  a n a l y s e s  a t  t h e  P < .05 l e v e l  o r  
less. S e v e r a l  l a b o r a t o r y  exper iments  w e r e  performed t o  v e r i f y  
c o r r e l a t i o n s  s e e n  i n  f i e l d  f i s h  (Jung,  Whipple, and Moser, 
1 9 8 4 ) .  

R e s u l t s  and Discussion 

T h e  fo l lowing  summary of s p e c i f i c  r e s u l t s  a p p l y  t o  t h e  
g o a l s  above: 

1. Locat ion.  T h e r e  w e r e  a i f f e r e n c e s  among l o c a t i o n s .  T h e  
g r e a t e s t  p r o p o r t i o n  of -  t h e  v a r i a b i l i t y  was a t t r i b u t a b l e  t o  
d i f f e r e n t  sampling loca t ions .  Thus,  f a c t a r  a n a l y s e s  w e r e  
s e p a r a t e d  by l o c a t i o n  b e f o r e  a s s e s s i n g  t h e  o t h e r  v a r i -  
a b i l i t y .  
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F i s h  f r o m  t h e  San Franc isco  Bay-Delta e s t u a r y  w e r e  i n  
p o o r e r  h e a l t h  o r  condi t ion  t h a n  f i s h  from t h e  Coos 
R i v e r ,  Oregon. A 1982  sample i n d i c a t e d  t h a t  Hudson 
R i v e r  f i sh’  were a l s o  i n  b e t t e r  h e a l t h  t h a n  t h o s e  from 
t h e  San  F ranp i sco  Bay-Delta. 

Comparisons with samples  from Lake Mead, Nevada 
showed t h a t  f i s h  from Lake Mead w e r e  d e f i n i t e l y  less 
p a r a s i t i z e d  and had lower p o l l u t a n t  b u r d e n s  t h a n  
t h o s e  from t h e  San Franc isco  Bay-Delta sys tem.  Lake 
Mead f i s h ,  on t h e  o t h e r  hand, had  poor  body condi -  
t i o n ,  i n d i c a t i n g  s t a r v a t i o n  and i n s u f f i c i e n t  food. 

F i s h  from t h e  San Franc isco  Bay-Delta had h i g h e r  
t i s s u e  c o n c e n t r a t i o n s  and a g r e a t e r  number of s epa -  
r a t e  pe t rochemica l  compounds t h a n  d i d  t h o s e  from t h e  
Coos Rive r ,  Oregon o r  t h e  Hudson River ,  N.Y. ,  e x c e p t  
f o r  some xy lenes ,  which were r e l a t i v e l y  h i g h  i n  a l l  
p o p u l a t i o n s  of f i s h  sampled. 

F i s h  f r o m  t h e  Coos Rive r  had t h e  lowes t  c o n c e n t r a -  
t i o n s  of c h l o r i n a t e d  hydroca rbons  and heavy meta ls .  

F i s h  from t h e  Hudson River  had h i g h e r  c o n c e n t r a t i o n s  
of PCBs i n  gonads  and muscle, and  h i g h e r  c o n c e n t r a -  
t i o n s  of c h l o r d a n e  and d i e l d r i n  i n  gonads  t h a n  did 
San  F r a n c i s c o  Bay-Delta f i s h .  

F i s h  from t h e  San Franc isco  Bay-Delta had  h i g h e r  
l e v e l s  of copper ,  z inc ,  cadmium, and n i c k e l  i n  
gonads :  h i g h e r  l e v e l s  of copper ,  z inc ,  mercury ,  and 
n i c k e l  i n  l i v e r .  Hudson River  f i s h  had  h i g h e r  l e v e l s  
of mercury  i n  gonads  and m u s c l e  and h i g h e r  cadmium i n  
l i v e r .  

L e s i o n s  caused  by h o s t  r e a c t i o n s  t o  c e s t o d e  o r  
tapeworm l a r v a l  p a r a s i t e s  ( L a c i s t o r h v n c h u s  t e n u i s )  
w e r e  found only  from t h e  San F r a n c i s c o  Bay-Delta.  

The  c o n c e n t r a t i o n s  of s e v e r a l  o t h e r  t y p e s  of 
p a r a s i t e s  were also h i g h e r  i n  f i s h  from t h e  San  
F r a n c i s c o  Bay-Delta a r e a  t h a n  i n  f i s h  from a n y  o t h e r  
area. Hudson R ive r  f i s h  had a t o t a l l y  d i f f e r e n t  
p a r a s i t e  assemblage  t h a n  f i s h  from t h e  W e s t  c o a s t .  

E g g  c o n d i t i o n  i n  f i s h  from t h e  San  F r a n c i s c o  Bay- 
D e l t a  was s i g n i f i c a n t l y  poore r  t h a n  i n  f i s h  from any 
o t h e r  a r e a  sampled. 

F i s h  f r o m  San Joaqu in  River  were i n  p o o r e r  c o n d i t i o n  
t h a n  t h o s e  from t h e  Sacramento River ,  showing de- 
c r e a s e d  body cond i t ion ,  h i g h e r  l e v e l s  of c e s t o d e  
larvae, and  h igher  c o n c e n t r a t i o n s  of z i n c  and  o t h e r  
metals. 
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0 R e s u l t s  show t h a t  it is d i f f i c u l t  t o  f i n d  a " c o n t r o l  
popu la t ion"  f o r  comparison with t h e  C a l i f o r n i a  popu- 
l a t i c n  b e c a u s e  a l l  examined so  f a r  h a v e  been  impacted 
i n  some way by p o l l u t a n t s  and/or  have  s i g n i f i c a n t  
env i ronmen ta l  d i f f e rences .  Neve r the l e s s ,  of a l l  popu- 
l a t i o n s  examined, t h e  San F ranc i sco  Bay/ Delta f i s h  
a p p e a r  i n  t h e  wors t  hea l th .  

2 .  Sex. Although most f i s h  sampled were females, bo th  s e x e s  
w e r e  impacted.  Because sexes  were sampled. d i f f e r e n z l y ,  
and. b e c a u s e  of s t r o n g  sexual  d i f f e r e n c e s ,  s e x e s  were a l s o  
s e p a r a t e d  i n  t h e  f a c t z r  ana lys i s .  

o Males had  h i g h e r  l e v e l s  cf p e t r o c h e n i c a l s  ana  P C B s  i n  
t h e  Ever  and pr imar i ly  t o l u e n e  i n  testes.  

C Females had h i g h e r  l e v e l s  cf Fec r3chen ica l s  i n  
c v a r i e s ,  h i g h e r  l e v e l s  or' mecals i n  a i l  t i s s u e s  and 
h i g h e r  l e v e l s  cf P C i 3 s  i n  c v a r i e s  t h z n  males had  ir! 
tes tes .  

3 .  O t h e r  F a c t o r s .  A f t e r  loca t ion  and sex, a l a r g e  prcpcr-izi-. 
cf t h e  v a r i a t i o n  ( i n  t h e  se lac tad  v a r i a b l e  cacz base j  xzs 
a c z c u n t e d  f c r  b y  t h e  f?cxc:rr; cf acs, c s l c r  - -+*=--  y c L - -- 1 ~ , sa 1c-2 E 1 
ma=xr i iy ,  pcllLiiancs,  yaar, t h e  K ~ Z E  i;: t h e  prsssawninc j  
s e a s o n ,  and  p a r a s i t e s .  An example cf f a c t o r  a n a l y s i s  
r e s u l t s  is g i v e n  f o r  t n e  San J c a q u i n  ~ i v z r  from 1978-155; 
T a b l e  1. 

0 Year. Concen t r a t ions  of pe t rochemica l s  v a r i e d  w i t h  
y e a r  (1978 t o  1 9 8 4 )  of sampling (Table  2 ) .  Most 
s e p a r a t e  compounds and h i g h e r  l e v e l s  w e r e  found i n  
s t r i p e d  b a s s  i n  1978, 1979, and 1981. Some f i s h  from 
a l l  y e a r s ,  however,  conta ined  pe t rochemica l s  ( e x c e p t  
s m a l l  sample of 7 f i s h  i n  1 9 8 2 ) .  Ces tode  l a r v a e  and 
l e s i o n s  v a r i e d  yea r ly  and r e l a t e d  t o  a g e  and s e x u a l  
m a t u r i t y  of a d u l t s .  Egg cond i t ion  w a s  p o o r e s t  i n  
1978, 1979,  and 1981, c o r r e l a t i n g  s i g n i f i c a n t l y  w i t h  
pe t rochemica l  concen t r a t ions  i n  t h e  l i v e r  and ova- 
ries. 

0 A g e .  O l d e r  f i s h  were i n  p o o r e r  c o n d i t i o n ,  w i t h  
r educed  f e c u n d i t y ,  h ighe r  p a r a s i t e s  l o a d s ,  and 
g re  a t  e r c: o n c e n t r a t ion s of s o  m e F o l l u  t a n t s , 
p a r t i c u l a r l y  P C B s  and metals. 

0 Color  p a t t e r n  t y @ e .  There  were d i f f e r e n t  growth  and 
r e p r o d u c t i o n  r a t e s ,  body p r o p o r t i o n s ,  and  p o l l u t a n t  
and  p a r a s i t e  b u r d e n s  i n  f i s h  of d i f f e r e n t  c o l o r  
p a t t e r n  t y p e  (e.g.  s o l i d - s t r i p e d ,  b r o k e n - s t r i p e d ,  
etc.). 



T a b l e  1 .  - -  Factor  a n a l y s i s  r e s u l t s  f o r  p r e s p a w n i n g  s t r iped  bass .  
P r o p o r t i o n  of var iance i n  da t a  base accounted f o r  by d i f f e r e n t  f a c t o r s ,  
o r  s e t s  of va r i ab le s .  San Joaquin  R i v e r  p r e s p a w n i n g  f e m a l e s  (n=157 
f i s h ) ;  1978-1983. T h e  names of f a c t o r s  i n d i c a t e  t h e  major c o n t r o l l i n g  
v a r i a b l e s  i n  f a c t o r  s e t s .  

FACTOR PROPORTION O F  VARIANCE 
--NO. FACTOR N A M E  FACTOR % ACCUMlJLATIVE % 

1 
2 
3 
4 

5 
6 

7 

8 
5 

1U 
11 
1 2  

13 
14 

15 
16 

AGE, WET WEIGHT 
C0LC)Ii PATTERN -GENEkAL 
SEXUAL MATl1RT.TY 
PETROLEUM HYDROCARBONS : 
( G o n a d  I% L i v e r - Q - X y l e n e  1 
YEAR 
CHLURINATED HYDROCARBONS : 
I G o n a d  6 L i v e r - P C B '  s 
CHLORINATED HYDROCARBONS : 
I G o n a d  (G. L i v e r - D b T  ) 
TIME.  TEMPERTURE 
PARAS I T E S  -CESTODE L E 5  IONS 
YEAR 
METALS : L i v e r -  I LST 
PETROLEUM HYDROCAkBONS: 

SEXUAL MATURITY 
PETHOLE U M  HYDROCARBON 6 : 
( L i v e r - E t h y l b e n z e n e ,  

BODY CON Dl 'r I UN 
PETROLEUM HYDROCARBONS : 
( L i v e r - B e n z e n e ,  m - X y l e n e ,  

G o n a d - E t h y l b e n z e n e  , m-Xylene I 

1,2-Dimethylcyclohexarle) 

liJ 
a 
8 
7 

6; 
5 

5 

3 
2 

2 
5 
L. 

1 iJ 
19 
L I  
3 4 

c c  

4 0  
4 5 

5u 

3 4  
58  
t11 
64 
67  

' I  0 
72  

'7 4 
7 6  

1 . 2 - D i m ~ ~ c v c L o h e x a n e  ) 

INHERENT FACTORS ENV IHGNMENTAL FACTORS U N  I DENT I F I ED 
NATURAL FACTORS POLLUTANT FACTORS 

3 2% 17% - - 27% 2 4 %  
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Table 2.-- Year factor; ranked differences among years in inherent 
characteristics, environmental variables and condition of striped bass. 
Based on factor analyses of prespauning female striped bass collected from 
April to June; San Joaquin River. Loadings on factors greater than or 
equal to 0.30. Ranked from highest ( 1 )  to lowest ( 7 )  total mean values. 
NS = not sampled; NM = sampled, but not measured. 

YEAR1 1 9 7 8  
( 5 9 )  (N 

V I R 1  ABLE ------ ---------------- 
Inherent Factors 

Age 2 
Color Pattern 6 
(Stripe Breakage) ( 8 . 5 )  

Environmental Factors 

OUtf low 4 
Divers ion 2 

Petroleum HC- 
Monocyclic Aromatics: 
Gonad 4 
Liver 3 

Alicyclic hexanes 
Petroleum HC- 

Gonai 
Liver 

Uetals-Gonad 
Copper 
Zinc 

Copper 
Zinc 
Cadmium 
Chromium 
Mercury 
Selenium 

Metals-Liver 

Parasites 
Tapeworm Larvae 
Tapeworm Lesions 
Tapeworm Rafts 

Total Parasite3 
Severity 

Condition Factors 

3 
3 

1 
2 

NS 
NS 
NS 
NS 
NS 
NS 

6 
4 
6 

2 

+E49 Resorotion 1 

1 9 7 9  
( 4 2 )  _----- 

4 
3 

( 9 . 9 1  

5 
1 

2 
5 

2 
2 

NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 

5 
1 
1 

2 

2 

1 3 8 0  
( 2 1 )  ------ 

7 
1 

( 1 0 . 5 )  

3 
2 

5 
6 

5 
5 

3 
3 

3 
3 
NS 
NS 
NS 
NS 

2 
3 
4 

5 

4 

1 
5 

(9 .01 

5 
1 

1 
1 

3 
4 

2 
1 

2 
2 
2 
1 
1 
2 

6 
2 
5 

4 

3 
4 

( 9 . 1 1  

2 
3 

6 
4 

5 
5 

NM 
NH 

NH 
NM 
NM 
NH 
NU 
NH 

1 
5 
6 

1 

6 

6 
2 

(10.1) 

1 
4 

3 
2 

1 
1 

NM 
NH 

NH 
NM 
NH 
NH 
NM 
NM 

4 
1 
3 

4 

3 2 
(&;e resoibed eggs-and ovaries and-abnormalities, iess delayed 
maturation). 

1 9 8 4 2  
(21) ----- 

5 
2 

(10.1) 

7 
? 

NM 
6 

5 
5 

NH 
NM 

1 
1 
1 
2 
2 
1 

3 
4 
2 

3 

5 

1 Sample sizes in 1981 and 1 9 8 2  were small because of reduced population 
size of prespawning adults. 

2 Some outflow and diversion data not available. 

3 A l l  types of parasites and host reactions. 
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0 S e x u a l  Matur i ty .  Spen t  females  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t  t h a n  maturing females  i n  having  h i g h e r  con-  
c e n t r a t i o n s  of pe t rochemica ls  i n  t h e  l i v e r  ( p a r t i -  
c u l a r l y  t o l u e n e )  and h i g h e r  p a r a s i t e  bu rdens .  Young 
p respawning  females exh ib i t ed  m o r e  a l t e r a t i o n s  of egg  
m a t u r a t i o n  ra te  and r e s o r p t i o n  a s s o c i a t e d  w i t h  p e t r o -  
chemicals. Young prespawners  w e r e  also m o r e  l i k e l y  
t o  h a v e  open o r  only p a r t l y  h e a l e d  c e s t o d e  l e s i o n s .  

0 P a r a s i t e s .  A s i g n i f i c a n t  p r o p o r t i o n  of a d u l t s  
(approximate ly  3 3  p e r c e n t  had scars from c e s t o d e s -  
i n d u c e d  l e s i o n s .  These f i s h  w e r e  i n  g e n e r a l l y  p o o r e r  
c o n d i t i o n  t h a n  t h o s e  without  s c a r s ,  and h a d  h i g h e r  
l e v e l s  of p o l l u t a n t s ,  p a r t i c u l a r l y  pe t rochemica ls .  
Young a d u l t s  and  j u v e n i l e s  showed open l e s i o n s  from 
these p a r a s i t e s  ( F i g u r e  3 ) .  Many of t h e  older f i s h  
had  r e l a t i v e l y  l a r g e  numbers of Anasakid roundworm 
larvae, sometimes i n  muscle. T h i s  w o r m  can  impact  
t h e  h e a l t h  of man. 

4. P o l l u t a n t s .  Adul t  s t r i p e d  b a s s  from t h e  San F r a n c i s c o  Bay- 
Delta sys t em con ta ined  r e l a t i v e l y  h i g h  l e v e l s  of po l -  
l u t a n t s  from s e v e r a l  c l a s s e s  (Table  3 .  r anges ;  Whipple, 
-- et. al .  i n  p rep .  c o n t a i n s  a l l  means and s t a n d a r d  d e v i a -  
t i o n s ) .  Some of t h e s e  p o l l u t a n t s  showed s t r o n g  
c o r r e l a t i a n s  with poor  h e a l t h  and cond i t ion ,  p a r a s i t e  
b u r d e n s  and  impaired reproduct ion .  

0 Pe t rochemica ls .  The re  w e r e  s i g n i f i c a n t  l e v e l s  of 
monocycl ic  a romat i c  hydrocarbons ,  i n c l u d i n g  benzene,  
t o l u e n e ,  e thy lbenzene  and t h r e e  isomers of xy lene ,  i n  
t i s s u e s  of s t r i p e d  bass .  The re  were also s i g n i f i c a n t  
l e v e l s  of a l i c y c l i c  hexanes.  A l l  t h e s e  components  
are  r e l a t i v e l y  t o x i c  t o  f i s h  ( B e n v i l l e  and Korn, 
1977;  Benvi l le  et. a. 1985). I n  a d d i t i o n  t o  t h e  
e f f e c t s  on t h e  f i s h  a s soc ia t ed  wi th  t h e s e  compounds 
i n  l i v e r  and o v a r i e s ,  t h e  muscle t i s s u e  a p p e a r e d  t o  
d i f f e r e n t i a l l y  accumulate  t o l u e n e  which h a s  been  
shown p rev ious ly  t o  cause  t h e  " t a i n t i n g "  o r  bad  f l a -  
v o r  i n  o t h e r  spec ie s .  Other  d a t a  (Vass i lvos ,  et. al .  
1 9 8 2 )  show t h a t  t he re  w e r e  a l s o  r e l a t i v e l y  h i g h  l e v -  
els of p o l y c y c l i c  aromatics  i n  a d u l t  s t r i p e d  bass. 
For  example,  l e v e l s  of t h i o p h e n e s  i n  f i s h  f r o m  t h e  
San F ranc i sco  Bay-Delta were h i g h e r  t h a n  i n  f i s h  from 
o t h e r  a r e a s .  These  compounds a r e  ca rc inogen ic .  

High l e v e l s  of pe t rochemica ls  i n  t h e  f i s h  c o r r e l a t e d  
s t r o n g l y  w i t h  d e l e t e r i o u s  effects measured,  i n c l u d i n g  
egg r e s o r p t i o n  ( F i g u r e  4 )  and abnormal  r e p r o d u c t i o n .  
T h e  mean egg  r e s o r p t i o n  by  y e a r ,  comparing l o c a t i o n s ,  
is shown i n  F i g u r e  5. I n  1982,  sample s i z e  (7)  was 
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F i g u r e  4A.  Eggs from o v a r i e s  of s t r i p e d  bass. 
N o r m a l  e g g s  i n  s econdary  t o  t e r t i a r y  y o l k  s t a g e .  

9 2  



F i g u r e  4E., Aknorrnal e g g s ,  i n  v a r y i n g  s t a g e s  cf 
r e s o r p t i o n .  T h i s  c e n d i t i z n  is a s s o c i a t e d  w i t h  
petrochemiLcal .s .  

9 3  



F i g u r e  4 C .  Abnormal e g g s ,  i n  l a t e  development  s t a g e ,  
b e i n g  r e s o r b e d .  Note d a r k  a r e a s  of m e l a n i n - c o n t a i n i n g  
melanomacrophages i n  i n t e r c e l l u l a r  a r e a s .  T h i s  
c o n d i t i o n  i s  a s s o c i a t e d  w i t h  DDT. 

9 4  



REPRODUCTION: PERCENT EGG RESORPTION 

" 
1978 1979 1980 1981 1982 1983 1984 1980 1982 

+ San Joaquin River- Coos Hudson 
River River 

Location/ Year 

Figure 5. Mean eqq resorption in striped bass 
prcspawning females by year (1978-1984) and at 
different Iscat ions.  
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t o o  sma l l  f o r  a r e p r e s e n t a t i v e  assessment .  An ex-  
ample of t h e  p ropor t ion  of egg  r e s o r p t i o n  b e c a u s e  of 
v a r i o u s  f a c t o r s ,  i nc lud ing  pe t rochemica ls ,  is shown 
i n  F i g u r e  6.  Reduced egg cond i t ion  was p a r t i c u l a r l y  
a s s o c i a t e d  w i t h  h igh  c o n c e n t r a t i o n s  of e t h y l b e n z e n e  
and  1, 2-dimethylchyclohexane. T h e s e  components a r e  
a l s o  among t h e  more t o x i c  and p e r s i s t e n t  i n  t i s s u e s  
of t h e  low-boi l ing  po in t  pe t rochemica ls .  

High c o n c e n t r a t i o n s  of benzene  w e r e  a s s o c i a t e d  w i t h  
b lood cell  d e s t r u c t i o n ,  abnormal  blood cel l  deve lop-  
ment and o t h e r  blood parameters .  T h e r e  was a l s o  a 
c o r r e l a t i o n  between t h e  p r e s e n c e  of l e s i o n  scars and 
pe t rochemica l  concen t r a t ion ,  p a r t i c u l a r l y  t o l u e n e  and  
e t h y  l b  en Zen e. 

C o n c e n t r a t i o n s  of monocyclic a romat i c s  i n  t h e  t i s s u e s  
of f i e l d  f i s h  cor respond t o  l e v e l s  reached  i n  t i s s u e s  
of f i s h  exposed  i n  t h e  l a b o r a t o r y  t o  50-100 ppb mono- 
c y c l i c s  ( p a r t i c u l a r l y  benzene) .  T h e  b ioaccumula t ion  
was g e n e r a l l y  abou t  t e n  t i m e s  h i g h e r  t h a n  t h e  wa te r  
c o n c e n t r a t i o n s  (Whipple, et. a. 1981) .  

0 Ch lo r ina t ed  hydrocarbons .  T h e r e  w e r e  r e l a t i v e l y  h igh  
l e v e l s  of PCBs, D D T ,  and its me tabo l i t e s ,  and  o the r  
c h l o r i n a t e d  hydrocarbons ,  i n  c lud  ing  toxaphene ,  i n  
l i v e r  and gonads  and f i s h  from t h e  San F r a n c i s c o  Bay- 
Del ta  e s t u a r y  (Table  3).  Concen t r a t ions  of some 
c h l o r i n a t e d  hydrocarbons  w e r e  a t  l e v e l s  r e s u l t i n g  i n  
d e l e t e r i o u s  effects i n  o t h e r  f i s h  (Jung,  Moser, and 
Whipple, 1 9 8 4 ) .  The p resence  of D D T  i n  l i v e r  and 
gonads  ( n o t  metabol i tes  D D D  and D D E )  w a s  a s s o c i a t e d  
w i t h  abnormal  egg  development and n e c r o s i s  of e g g s  
( F i g u r e  4 C ) .  Delayed egg matura t ion  r a t e s  ( v i t e l l o -  
g e n e s i s )  were a s soc ia t ed  with PCBs i n  o v a r i e s .  

0 Heavy metals.  The re  were r e l a t i v e l y  h i g h  l e v e l s  of 
z i n c  and  coppe r  and o t h e r  meta ls  i n  a d u l t  s t r i p e d  
bass  l i v e r s  and gonads  (Table  3 ) .  The c o n c e n t r a t i o n  
of z i n c  and o t h e r  metals  c o r r e l a t e d  with d e c r e a s e d  
body and l i v e r  condi t ion  i n  some f i s h .  Cadmium, 
n i c k e l ,  z inc,  and  copper  a l s o  c o r r e l a t e d  wi th  r educ -  
t i o n s  i n  egg v i a b i l i t y  i n  t h e  1 9 8 1  San J o a q u i n  R i v e r  
sample.  High l e v e l s  of o t h e r  me ta l s  were found,  
p a r t i c u l a r l y  mercury,  i n  some f i s h .  

0 P o l l u t a n t  i n t e r a c t i o n .  I n i t i a l  r e s u l t s  show pol -  
l u t a n t s  i n t e r a c t e d  i n  a f f e c t i n g  t h e  f i s h .  I n  p a r t i -  
c u l a r ,  h igh  l e v e l s  of petroleum h y d r o c a r b o n s  i n t e r -  
acted with c h l o r i n a t e d  hydroca rbons  t o  p r o d u c e  ef- 
f e c t s  on r ep roduc t ion .  Data also show t h a t  hydro-  
c a r b o n s  and metals i n t e r a c t  t o  p roduce  d e l e t e r i o u s  
e f f e c t s  on egg and l i v e r  cond i t ion .  
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F i g u r e  6 .  P r o p o r t i o n  o f  t o t a l  v a r i a n c e  i n  e g g  
c o n d i t i o n  (egg r e s o r p t i o n )  a c c o u n t e d  f o r  by d i f f e r e n t  
f a c t o r s .  D e r i v e d  from f a c t o r  e q u a t i o n s  i n  f a c t o r  
a n a l y s i s .  
levels  o f  m o n o c y c l i c  aromatics i n  t h e  l i v e r  a n d  g o n a d s .  

EXAMPLE: San  J o a q u i n  River ;  1978. N=59 f e m a l e s .  

+EGG RESORPTION = .35F3 = .42F6 = . 5 4 F l l  = .42F13 = U 

U = U n i d e n t i f i e d  V a r i a n c e ;  DMCH = 1,2, - d i m e t h y l c y c l o h e x a n e ;  
EGG STG. = Egg S t a g e ;  EBZ = E t h y l b e n z e n e :  CU = C o p p e r ;  
COL PAT = Color P a t t e r n :  TOL = T o l u e n e .  

M o s t  f i s h  c o l l e c t e d  i n  t h i s  y e a r  h a d  h i g h  
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Table 3.--Cancentration ranges of seleded pollutant classes fran the San 
Francisco my-pelta estuary: data available to present. Tissue data frcm 
adult p- striped bass (Morone saxatilis). Tissue COncMtrations 
in ug/g (pp) wet weight hydrocarbons ug/g (ppn) dry Weight for metals. 
Data frcm th is  study and Vasillaros et al. (1982), Eaton (1975), and G i d  
et al. (1978). ND = not detectable: NM = not measured. 

Concentration 
in water Concentration in tissues (-1 

(dissolved) 
Pollutant class W/L (rxlb) LiVeC Gonads MuSc1e-l 

Petrolelml hyilrocarbons 

mtal mmcyclic arcmatics 
Total alicyclic hexanes 
TOM polycyclic arcmatics 

( A l l  ccarponents) 
Tota l  naphthalenes (Dicyclics) 
T o t d l  sulfated thiophenes 

chlorinated hydlvcarbns 

Trace m e + d s  

1-200 
ND 

? 
? 
? 

ND 
N3 
ND 

0.03-0.32 
ND 

0.00-0.20 
ND 
1-4 

ND 
1-6 

? 
2-6 

0.03-0.12 

0.01-10 0.01-10 0.01-7.52 
0.02-5.0 0.02-10 0 

-Whole fish canposite 10.0---- 
--Whole fish ccmposite 0.009--- 
--Whole fish ccmposite 6.0---- 

0.09-0.12 
0.10-0.98 
0 -03-3.1 

? 
0.25-13 

0.29-9.4 
0.61-3.3 
1.0-220 
0.09-0.37 
0.49-13 
0.60-1.8 
3.2-21 
7.0-250 

0.10-0.68 NM 
0.13-2.8 NM 
0.10-12 NM 
0.20-2.0 NM 
0.81-13 0.20-4 .O 

0.08-0.71 
0.51-2.2 
1.0-35 

0.03-0.96 
0.37-2.1 

NM 
3.0-310 

0.06-0 .a9 

0.18-1.3 
0.31-2.2 
0.10-12 
0.11-0.62 
0.06-1.6 
0.50-2.0 

NM 
1.0-66 

%uscle analyseg with no skin attached. Mostly toluene in muscle. 
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P o l l u t a n t s  most impl ica ted  i n  d e l e t e r i o u s  e f f e c t s  on 
f i s h  a re ,  i n  o r d e r :  e t h y l b e n z e n e ,  1, 2 -d ime thy lcyc lo -  
h e x a n e ,  benzene  t o l u e n e ;  D D T ,  c o p p e r ,  z i n c ,  cadmium, 
n i c k e l ,  a n d  mercury .  However, o t h e r  p o l l u t a n t s  may 
b e  i n v o l v e d  t h a t  w e  were u n a b l e  t o  measure .  Fo r  ex -  
ample,  r e c e n t  measurements  show t h a t  t h e r e  are  r e l a -  
t i v e l y  h i g h  l e v e l s  of se len ium i n  l i v e r  a n d  g o n a d s  of 
s t r i p e d  b a s s .  S e v e r a l  p o l l u t a n t s ,  p a r t i c u l a r l y  ch lo -  
r i n  a t  ed h y d r o c a  r b  on s , poly c y c l i c  a r o m a t i c s  , cadmium , 
a n d  mercu ry  were found a t  l e v e l s  s u f f i c i e n t l y  h i g h  
n o t  o n l y  to a f f e c t  t h e  h e a l t h  of t h e  f i s h  b u t  a l s o  t o  
p o t e n t i a l l y  a f f ec t  human h e a l t h .  

T h e  r e l e v a n t  f a c t  is t h a t  there  a re  s t r o n g  a s s o c i a -  
t i o n s  of  t h e s e  p o l l u t a n t s  w i th  decreased c o n d i t i o n ,  
g r o w t h ,  r e p r o d u c t i o n ,  and p o s s i b l y  s u r v i v a l  of 
s t r i p e d  b iiss. 

-. E Lab0rator .J  exDer iments .  Expe r imen t s  pe r fo rmed  i n  t h e  
l a b o r a t o r y  showed t h a t  r e p r e s e n t s t i v e  p c l l u c a n t s  ( b e n z e n e  
a n d  z i n c )  p ro2uced  effects similar t o  t h o s e  obser -Jed  i n  
t h e  f i e l d  ( J u n g ,  Whipple, M o s ~ ~ ,  108;; Whippie,  et. al. m s  
i n  p rep . ) .  L a b o r a t o r y  exposures  e q u i v a l e n t  t a  h i g h  C ~ F Z E -  
i c  water l e v e l s  i n  t h e  f i e l d  r s s u l t e d  i n  t i s s u e  c s n c e n -  
t r a t i o n s  slinilar t z  t h o s e  in  f ie ld  f i s h  ( m a g n i t u d e  c l  
c o n c e n t r a t i o n  of benzene  and/or  o t h e r  t o t a l  IYAH w a s  ap-  
p r o x i m a t e l y  1 O X ) .  The  e f f e c t s  on c o n d i t i o n  of t i s s u e s  and  
c r g a n s ,  a n d  otl9er p a r a m e t e r s  were also s imi la r .  T h e  f c l -  
l c w i n f ;  w s r e  some majcr  r e s u l t s :  

Adul t s :  

0 Benzene induced  e g g  r e s o r p t i o n  i n  p r e s p a w n i n g  f s m a l e s  
s i m i l a r  t o  t h a t  i n  f i e l d  f i s h .  F i s h  w i t h  h i g h e r  
p o l l u t a n t  b u r d e n s  when exposed  t o  b e n z e n e  w e r e  most 
s e r i o u s l y  a f f e c t e d .  

J u v e n i l e s :  

o Uptake  of  b e n z e n e  and z i n c  a p p e a r e d  t o  be a n t a g o n i s -  
t i c  -- h i g h  c o n c e n t r a t i o n s  of b e n z e n e  i n  t h e  l i v e r  
w e r e  c o r r e l a t e d  wi th  low c o n c e n t r a t i o n s  of  z inc .  

d e n z e n e  a p p e a r e d  t o  accelerate a n d  i n c r e a s e  t h e  
inflammat.ory r e s p o n s e  t o  roundworm larvae.  

o 

0 Benzene  w a s  c o r r e l a t e d  with b l o o d  cell d e s t r u c t i o n  
fo l lowed  b y  i n c r e a s e d  p r o d u c t i o n  of immatu re  red a n 6  
w h i t e  b lood  cells. 

0 Z i n c  w a s  c o r r e l a t e d  w i t h  decreased l i v e r  c o n d i t i o n  
(LSI). 

9 9  



Zinc  w a s  c o r r e l a t e d  with dec reased  l e v e l s  of se rum 
p r o t e i n s  hypo thes i zed  t o  b e  immunoglobulins. 

p ro tozoan  g i l l  p a r a s i t e s  t h a n  c o n t r o l s .  

g r e a t e r  e f f e c t s  on t h e  f i s h  t h a n  e i t h e r  p o l l u t a n t  
a lone ,  i nc lud ing  t h e  following: 

- Inflammatory response  t o  p a r a s i t i c  worms was 

0 F i sh  exposed t o  benzene o r  z i n c  had h i g h e r  l e v e l s  of 

0 The effects of benzene and  z i n c  t o g e t h e r  r e s u l t e d  i n  

a c c e l e r a t e d .  

- Blood cells and serum p r o t e i n s  were more 
d e l e t e r i o u s l y  a f f ec t ed .  

- Liver t i s s u e  w a s  more d e l e t e r i o u s l y  a f f e c t e d .  

6. PoDulation E f f e c t s .  Although i n f l u e n c e s  o t h e r  t h a n  
t o x i c  chemica ls  (e.g, Delta outflow, l a r v a l  food supp ly  
and  en t r a inmen t ;  S t e v e n s  et. &l. 1985) a l s o  a re  involved  
i n  t h e  d e c l i n e  of t h e  s t r i p e d  b a s s  f i s h e r y ,  t h e  f o l -  
lowing h y p o t h e s e s  w e r e  also suppor t ed  by t h e  s t u d y  
f i n d i n g s .  

0 T h e r e  h a s  been a reduct ion  i n  numbers of l a r v a e  t o  
young-of-the-year j uven i l e s .  Labora tory  s t u d i e s  
showed t h a t  l a r v a e  accumulate h igh  l e v e l s  of t o x i c  
p o l l u t a n t s  (e.g., benzene) with d e l e t e r i o u s  e f f e c t s  
( E l d r i d g e  et. al. 1981). These s t u d i e s  shou ld  b e  
c o r r o b o r a t e d  i n  t h e  f ie ld .  W e  s u g g e s t  t h a t  t o x i c  
p o l l u t a n t s  and p a r a s i t i c  c e s t o d e  l e s i o n s  may a l s o  
increase mor ta l i t y  of j u v e n i l e s  and s u b a d u l t s .  

0 T h e r e  h a s  been a reduct ion  i n  t h e  number of 
spawning adu l t s .  The poore r  cond i t ion  of o l d e r  
a d u l t s  is a t  l e a s t  p a r t i a l l y  d u e  t o  t h e  combined 
e f f e c t s  of p a r a s i t i s m  and p o l l u t a n t s .  It is also 
l i k e l y  t h a t  i nc reased  mor t a l i t y  of a d u l t s  h a s  
o c c u r r e d ,  l e a d i n g  t o  fewer o l d e r  f i s h  t h a t  normally 
h a v e  t h e  h i g h e s t  fecundi ty .  Ultimately,  t h i s  w i l l  
l e a d  t o  dec reased  egg p roduc t ion  by t h e  popu la t ion  
and  dec reased  abundance of j u v e n i l e s .  According t o  
S t e v e n s  et. al. (1985), t h i s  is p robab ly  an impor- 
t a n t  c a u s e  of t h e  dec l ine  i n  t h e  s t r i p e d  bass  popu- 
l a t i o n .  

o The r e d u c t i o n  i n  t h e  number of e g g s  ( f e c u n d i t y )  p e r  
spawner ,  due  t o  the combined e f f e c t s  of p o l l u t a n t s  
and pa ras i t i sm,  w a s  a t  l e a s t  36-50 p e r c e n t  i n  1978. 
T h i s  r e d u c t i o n  w a s  a s ses sed  from measurements of: 

- de layed  ra te  of maturation ( v i t e l l o g e n e s i s )  
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- p a r t i a l  egg r e so rp t ion  

- complete egg resorption i n  matur ing  o v a r y  

- no  o v a r i a n  maturat ion i n  s e x u a l l y  m a t u r e  f i s h  

- egg d e a t h  

- r e d u c t i o n  i n  number of eggs ( f e c u n d i t y )  

P o l l u t a n t s ,  t h e r e f o r e ,  can lead t o  a d d i t i o n a l  decreases 
i n  t h e  egg p r o d u c t i o n  of t h e  populat ion.  A d d i t i o n a l  de l ayed  
m o r t a l i t y  may h a v e  occur red  i n  embryos and  larvae a f t e r  
spawning,  r e s u l t i n g  i n  even f u r t h e r  r e d u c t i o n  i n  s u r v i v a l .  

o Mul t ip l e  r e g r e s s i o n  ana lyses  w e r e  done  wi th  d a t a  
c o l l e c t e d  f o r  t h e  y e a r s  1978 t o  1 9 8 4  (7 y e a r s )  from 
San Joaqu in  and Sacramento Rivers .  R e s u l t s  showed 
t h a t  s u r v i v a l  t o  young-of- the-year  r e l a t e d  t o  age 
d i s t r i b u t i . o n  of spawning a d u l t s ,  ou t f low and  d i v e r -  
s i o n ,  pe t rochemica l s  and egg r e s o r p t i o n .  The  b e s t  
c o r r e l a t i o n  was with egg r e s o r p t i o n  ( F i g u r e  7) .  
The  h i e r a r c h y  of r e l a t i o n s h i p s  is p r o b a b l y  a s  f o l -  
lows ( F i g u r e  8): Environmental  f a c t o r s  s u c h  a s  
l o w e r  outf low a r e  assoc ia ted  wi th  h i g h e r  pe t rochemi-  
ca l  contminat ion;  h ighe r  r e s i d u e s  of p e t r o c h e m i c a l s  
i n t e r a c t  wi th  i n h e r e n t  f a c t o r s  i n  p re spawning  
a d u l t s  t o  affect  condi t ion  a n d  r e p r o d u c t i o n .  
Grea ter  egg r e s o r p t i o n  o c c u r s  and s u b s e q u e n t l y  
t h e r e  is h i g h e r  l a r v a l  mor t a l i t y .  H ighe r  m o r t a l i t y  
of eggs and l a r v a e  r e s u l t s  i n  lower  abundance  of 
j u v e n i l e  s t r i p e d  bass .  The i m p o r t a n t  r e s u l t ,  i n  
t e r m s  of f i s h e r i e s  management, is t h a t  r e c r u i t m e n t  
t o  t h e  f i s h e r y  is reduced. If s u c c e s s f u l ,  t h i s  
method can  l ead  t o  t h e  f o r e c a s t i n g  of r e c r u i t m e n t  
s e v e r a l  y e a r s  i n  advance. O u r  r e s u l t s  s o  f a r ,  
however,  are f o r  a s h o r t  p e r i o d  (7 y e a r s )  and  need 
t o  b e  v a l i d a t e d  by  cont inued moni tor ing  b e f o r e  
c o n c l u s i o n s  can b e  drawn. 

Conclusions 

The San F r a n c i s c o  Bay-Delta e s t u a r y  h a s  been  modif ied i n  
s e v e r a l  ways s i n c e  humans settled t h i s  area (Nichols  et. al .  
1986) .  Among t h e  m o s t  s i g n i f i c a n t  of these is t h e  e l i m i n a t i o n  
of h a b i t a t  f o r  f i s h  and o t h e r  b io t a  t h r o u g h  human a c t i v i t i e s  
s u c h  a s  f i l l i n g  of  wet lands  and d i v e r s i o n  of w a t e r  f o r  a g r i c u l -  
t u r e .  F u r t h e r  d e g r a d a t i o n  of t h i s  e s t u a r y  d u e  t o  i n c r e a s e d  
d i v e r s i o n  of w a t e r  and inc reased  d i s p o s a l  of t o x i c  w a s t e s  is 
p r e d i c t e d  . 
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F i g u r e  7 .  
o f - t h e - y e a r  j u v e n i l e s  (YOV) w i t h  mean e g g  r e s o r p t i o n  i n  
a d u l t  f e m a l e s  of t h a t  spawning s e a s o n .  
b a s s  i n d e x  from David K o h l h o r s t  

C o r r e l a t i o n  of y e a r l y  mean s u r v i v a l  t o  young- 

Data on  YOY s t r i p e d  

I n  YOY S u i s u n  = 3 . 6 0  - .341 I n  Egg R e s o r p t i o n  

r = - . 8 6 9 ;  pc.001 
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POPULATION LEVEL EFFECTS 

C 0 N DIT1 0 N 
(Larvae & Juveniles) 

INHERENT FACTORS ENVIRONMENTAL FACTORS 
= 

FISH CONDITION 

1 

I I I 1 

FORECAST ABUNDANCE I I I (Juve+niles) 1 . 
I FORECAST RECRUITMENT i 

F i g u r e  8 .  P o p u l a t i o n  l e v e l  e f f e c t s .  D e t e r n i n i n g  
t h e  r e l a t i o n s h i p  cf env i ronmen ta l  f a c t o r s  ( e . g .  
p o l l u t a n t s )  on f i s h  c o n d i t i o n ,  r e p r o d u c t i o n  and 
r e c r u i t m e n t  t e  t h e  f i s h e r y .  
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The s t r i p e d  b a s s  popu la t ion  is a major component of t h e  
San F r a n c i s c o  Bay- Delta e s t u a r y ,  p a r t i c u l a r l y  i n  p a s t  y e a r s  
p r i o r  to '  its d e c l i n e .  It would b e  of i n t e r e s t  t o  do  more re- 
s e a r c h  on t h e  r e l a t i o n s h i p  of t h e ' p o p u l a t i o n  dynamics  of t h i s  
s p e c i e s  t o  t h e  f low dynamics of t h e  e s t u a r y ,  and t o  examine 
t h e  s t r i p e d  b a s s  i n  an  ecosystem context .  T h i s  would be of 
c r i t i c a l  impor t ance  i n  making f u t u r e  d e c i s i o n s  on w a t e r  
q u a l i t y  and  t h e  management of f i s h e r i e s  i n  t h e  San F r a n c i s c o  
Bay-Delta sys tem.  

I n  conc lus ion ,  w e  b e l i e v e  t h a t  f u r t h e r  i n v e s t i g a t i o n  of 
s o u r c e s  and  e f f e c t s  of p o l l u t a n t s  on s t r i p e d  b a s s  and  o the r  
b i o t a  i n  t h e  San  F r a n c i s c o  Bay-Delta is war ran ted .  W e  b e l i e v e  
a l s o  t h a t  enough is known f o r  managers and r e g u l a t o r s  t o  a c t  
now and  t h a t  any  a c t i v i t y  r educ ing  t h e  i n p u t  of these t o x i c  
p o l l u t a n t s  i n t o  t h e  e s t u a r y  w i l l  b e  b e n e f i c i a l  t o  t h e  h e a l t h  
and a b u n d a n c e  of t h e  s t r i p e d  b a s s  papula t ion .  
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